Collective evolution of a parton in the vacuum:
Search for the ultimate partonic “droplet”
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A ‘Ridge’ from AA to pp and Old Mysteries in e*e

e Matter with quark-gluon degrees of freedom is discovered in
high energy collisions, shows hydrodynamic behavior. _
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Important Questions and an Interesting Proposal

e From how small of a system can partonic collectivity emerge?
e Is partonic collectivity at small scales unexpected or a natural consequence of QCD

e Can hydrodynamics describe non-perturbative dynamics (e.g., parton evolution and
fragmentation in the vacuum)?

We propose that:
A strongly interacting QGP-like state can be

formed by a system as small as a single quark or
gluon propagating through the QCD vacuum.
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Propagation Along Jet Axis, New Reference Frame

A parton in the vacuum

“QGP” expansion?
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High Multiplicity Jets!
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Jet Axis, not
Collision Axis

“QGP” expansion?
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Jet daughter properties, kinematics w.r.t to Jet Axis
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A parton propagating in the vacuum

“QGP” expansion?

A high-multiplicity jet = the tiniest “QGP droplet”?




Observables in new Jel system

from Jef system
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Strange enhancement Nop
in AA collisions is strong
evidence for high gluon
density state.
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 Strangeness enhancement
in a dense partonic medium.
* Long-range correlations
and anisotropy flow.
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Particle production dynamics
seem similar to collisions with
respect to beam axis.
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<Particle of Interest Yield>
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Summary:

Motivated by collective phenomena in small system collisions, we postulate that non-perturbative QCD
evolution of a single parton in the vacuum will develop long-range collective effects.

pPb \[Suy =502 TeV, 220 < N,,'g‘" <260

1 <p;<3GeVic

Ridges in AA to pp

—
=

E c'e Vs =912 GeV

plicity (data)

Multi

-

9
'A
9

oK bﬁ.’(

g
P

T=161.9+4.1 MeV

VT’=25.8+3.4
7,=0.6380.040

%*=215.1/27 dof
1

0 1 10
Multiplicity (therm. model)

—

Showo

Number of St.Dev.

LI e S B B B L

dZI\f)alr

N,, dhydBr

T -
10° PYTHIA 8 pp 13 TeV ™ oA+A
Anti-k, R=0.8 p E+E
10 jet p. > 500 GeV oK* Q' +Q
0
KS
1
5 -l
10 o S
2 e
102 Teeeoooooo o o
Tterrpegey g P s mes W s
107°
107 .
= P e L
108 | L o | Ly ;
0 20 40 60 Y 80 100 14

Observables in new Jel system

Pythia 8 pp 13 TeV
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“QGP” expansion?

Using pp jets for partons propaqating in vacuum
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